Introduction
Antioxidants and their related enzymes, widely present in animal tissue, have been recognized as af-fecting numerous biological functions including aging, hepatic and renal diseases, cancer and detoxification mechanisms [16, 32] . An imbalance between reactive oxygen species (ROS) and antioxidant defences in favour of the former has been described as oxidative stress. In some diseases, increased oxidative stress may make an important contribution to the disease pathology [32] . ROS are key participants in damage caused by toxic gases such as organic solvents (e.g. toluene, xylene, ethanol and methanol) and formaldehyde (HCHO) [27, 33, 34] .
Xylene is an aromatic hydrocarbon widely used in industry and medical technology as a solvent [22] . Organic solvents such as xylene and toluene have been found to manifest their toxicity by lipid peroxidation not only in the liver, but also in the kidney and brain [27, 33] . In addition, liver effects have been reported in some studies on workers occupationally exposed to solvents containing xylene or toluene [4, 13, 26] , but these were not confirmed in other studies [21, 25] . Some findings seem to support the concept that the hepatotoxicity, expressed as euphoria, dizziness and/or headache, of xylene is low [19, 38] . Xylene has been reported to cause adverse effects in the nervous system and immune system after long-term exposure [15, 22, 38] , and prolonged exposure to organic solvents may represent a risk factor of cancer [12, 15, 19] .
Formaldehyde is used as a disinfectant in many human medicines and cosmetics, as an antiseptic in veterinary drugs and biologicals, and in fungicides, textiles and embalming fluids [1, 36] . It is also used in the manufacture of plastics and resins, for the production of intermediates, and for other miscellaneous uses, such as fabrication of chelating agents [2, 14, 36] and building materials: insulation, particle board and plywood [2, 11, 28] . In epidemiological and experimental animal studies, HCHO induced a variety of toxic effects, especially in liver tissue after inhalation. These effects included dose-related focal hepatic necrosis, hepatic enlargement, decreased weight, and hepatocellular fatty degeneration [3, 10, 18, 35] . In addition, HCHO is cytotoxic [11, 28, 42] , a potent upper respiratory tract irritant [20, 28, 37] , and induced squamous cell carcinoma in the nasal cavity of rats [5, 18, 42] . Prolonged exposure to HCHO may cause degeneration in the proximal tubules and necrosis in the kidney [8] .
Although, the effects on and impairments to the liver and the toxicities of organic solvents have been reported for rats, mice and humans exposed to them. There is no detailed experimental evidence showing the effects of xylene and HCHO inhalation on oxidative stress in adult and developing rats' liver tissues. In this study, we aimed to clarify the possible oxidative stress caused by exposure to xylene and HCHO. For this purpose, in liver tissue, superoxide dismutase (SOD) and catalase (CAT) activities as well as the concentrations of glutathione (GSH) and malondialdehyde (MDA) were measured. In addition, body and liver weights were determined in order to find out the effects of xylene and HCHO on growth performance in adult and developing rats. Blood concentrations of xylene and HCHO were not detected in rats exposed to xylene and HCHO through inhalation, because of rapid metabolism and clearance from plasma [11, 12, 22, 36, 45] . Thus, no examination was performed for histochemical changes.
Materials and Methods
All studies with animals described herein were reviewed and approved by the University of Adnan Menderes Institutional Animal Ethics Committee.
Animal groups and experimental design
In the present study, 96 female Sprague-Dawley albino rats were used. At the beginning of the experiment the rats were randomly divided into four groups each containing 24 animals of the following ages: embryonic day 1 (beginning of the embryonic period) (Group 1), 1-day-old infantile rats (Group 2), 4-week-old rats (Group 3) and adult rats (Group 4). Group 1 was established as follows. Nulliparous female rats were housed overnight with adult males (one male to three females) from the same strain and supplier. The day that vaginal smears were found to be sperm-positive was considered day 1 of the embryonic day. New born rats were kept together in the same cage with their mothers as well as 1-day-old infantile rats (Group 2).
Exposure design
Inhalation exposure procedures have been described by Valentine and Kennedy [44] . The whole body of the rat is exposed to the solvent. Each cage had a separate supply of test solvents. To acclimatise the rats, they were housed in a closed chamber (62 × 62 × 62 cm) fitted with 4 rat cages made of glass and stainless-steel, housing 6 animals per cage under standard laboratory conditions (light period 6:00 to 20:00 h, 24 ± 1°C, tap water and standard pellet diets were given ad libitum) for 2 weeks. These chambers were operated dynamically with filtered air at an air flow rate providing the necessary amounts of the test gases to the animals: technical xylene (300 ppm) [23] , HCHO (6 ppm) [28] or a combination of technical xylene and HCHO (150 ppm + 3 ppm) for 8 h per day (between 9:00-17:00 h) for 6 weeks. The position of the cages within the chamber was systematically changed on a weekly basis. Fresh air was provided at a constant temperature. Control animals were placed in an identical chamber without exposure to the test gases. Levels of xylene and HCHO in the cages were monitored by gas detection pumps by the methods of Norback et al. [30] . (Technik für das Leben Drager, Accuro 
Samples
At the end of the experiment, the rats were sacrificed by cervical dislocation and the livers were removed immediately. The times of sacrifice of the rats were 3, 6, 10 and 18 weeks after the start of exposure for Groups 1, 2, 3 and 4, respectively. Tissue samples of liver were immediately weighed and washed with 0.9% NaCl solution, homogenised (2,000 rpm/min for 1 min, 1:10 w/v) using a stirrer (IKA Overhead Stirrer; Germany) in 10% 150 mM phosphate buffer (pH 7.4) in an ice bath. Then homogenate was centrifuged (Nüve-Bench Top Centrifuge, NF 800R, Turkey) at 6,000 × g for 10 min at 4°C. The resultant supernatant was frozen at -80°C (Sanyo Ultra Low MDF U40 86S, Japan) in aliquots until used.
Biochemical analysis
In supernatants, protein levels were determined by a spectrophotometer (Shimadzu UV-1601, Japan) using commercially available kits (IBL-Turkey Ltd. Sti., Ankara, Turkey).
SOD estimation was based on the generation of superoxide radicals produced by xanthine on xanthine oxidase, which reacts with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride to form a red formazon dye. The SOD activity is then measured by the degree of inhibition of this reaction [41] . The results are shown as U/mg tissue protein.
The activity of CAT was measured by following the rate of H 2 O 2 decomposition at 240 nm [24] . It is shown as k/mg tissue protein.
GSH measurements were performed by the method of Tietze [43] . Tissue supernatant was deproteinezed in a glacial metaphoshoric acid/di-sodium EDTA/NaCl (in 100 ml distilled water, 1.67, 0.2, 30.0 g, respectively). In brief, 0.5 ml supernatant or standard with 0.25 ml of 1 M sodium phosphate buffer (pH 6.8) and 0.5 ml 5-5'-dithiobis (2-nitrobenzoic acid) (DNTB, 0.8 g/l in phosphate buffer) was stood for 5 min, and the absorbance was measured at 412 nm by a spectrophotometer. The results were determined by aqueous standard solution of GSH (Sigma Chemical Co., St. Louis, Missouri, USA), and were expressed as mg/g tissue protein.
Liver MDA levels in the supernatant were determined by using the single heating method of Yoshioka et al. [46] based on thiobarbituric acid (TBA) reactivity. For this purpose, 0.5 ml of tissue homogenate supernatant was mixed with 2.5 ml trichloroacetic acid solution (TCAA) (20%) and 1 ml thiobarbituric acid (0.67%), and then placed in a boiling water bath for 30 min at 95°C. After cooling in tap water, the reaction mixture was vortexed and 4 ml of n-butanol was added to it and all vials were then centrifuged for 10 min at 3,000 rpm. Then, the organic layer was removed and its absorbance at 535 nm against n-butanol was measured. Finally, the concentration of MDA was calculated by the absorbance coefficient of the MDA-TBA complex (absorbance coefficient ε=1.56 × 10 5 /M/cm) and was described as nmol/mg tissue protein.
Statistical analysis
All data were expressed as mean ± standard error (SE). The significance of differences among groups was assessed using one-way ANOVA, and for multiple comparisons Duncan's test was used. P<0.05 was set as the limit of significance.
Results
Body and liver weights of adult and developing rats exposed to xylene and HCHO are given in Table 1 . The SOD and CAT activities as well as the GSH and MDA levels in liver tissue of rats are presented in Table 2 .
Body and liver weights
In terms of body and liver weights there were no statistically significant differences between control and experimental groups in adult rats (P>0.05). In the 4-week-old group, there was also no statistical difference among the body weights (P>0.05), however, the liver weights of the exposure groups were significantly increased except for the HCHO alone group (P<0.01). Compared to the control animals, body and liver weights were significantly decreased in the exposure groups of the embryonic day 1 group (P<0.001, P<0.01, respectively) and similarly for the 1-day-old infantile group (P<0.001), except for the xylene + HCHO exposure group.
Antioxidant and lipid peroxidation systems
As shown in Table 2 , when compared to control animals, some increases and/or decreases were observed in SOD activities in exposed animals. Only the 4-week-old group, however, showed a statistically significant difference from the corresponding value in control animals (P<0.01).
Likewise, some alterations in CAT activities were observed in exposed animals. However, apart from the embryonic day 1 group (P<0.05) there were no statistically significant changes (P>0.05).
Compared to control animals, in the embryonic day 1 and 1-day-old infantile groups, GSH levels were decreased (P>0.05, P<0.01, respectively) and MDA levels were increased (P<0.05, P>0.05, respectively). Noticeably increased concentrations of GSH, and decreased levels of MDA were observed in xylene exposed rats in the adult and 4-week-old groups. However, concerning the GSH and MDA levels, there were no statistically significant differences between the exposed and control animals in the adult and 4-week-old groups (P>0.05).
Discussion
A significant decrease in total body weight and in selected target organ weights of experimental animals is usually considered to be an indicator of general toxicity following chemical exposure [45] . It was reported previously that body and liver weights decreased, high dose/short-term [3] or low dose/long-term, after exposure to HCHO [35] . In high dose HCHO exposure inhalation, after 13 weeks the liver weights were increased in female mice [3] . In another study, it was shown that after HCHO oral administration by gastric tube at low or medium doses, body weights in male rats were similar to control groups, but it was reduced after high dose exposure [45] . However, oral administration of HCHO via drinking water at different doses for 12 weeks had no effect on absolute or relative organ weight in rats when compared with controls, and lower body weight gain was only observed in rats at the highest dose level (150 mg/kg/day) [1] . Some authors have concluded that relatively large amounts of HCHO taken orally is well tolerated [1, 17] , and body and liver weights were decreased after 28-month (6 h/ day, 5 days/week) HCHO inhalation [18] . Although the toxicity was marked, the liver to body weight ratio in only female mice was decreased after HCHO inhalation exposure 40 ppm, body and liver weights were depressed in both sexes after 20 ppm HCHO inhalation exposure [3] . Xylene inhalation exposure resulted in increased relative liver weight, but did not affect body weight in female mice [38] and in male rats [39] .
In the present study, decreased body and liver weights in embryonic day 1 (P<0.001, P<0.01, respectively) and 1-day-old infantile rats (P<0.001) were observed after xylene and HCHO exposures at the indicated doses for 6 weeks, but no significant differences were seen in 4-week-old and adult rats (P>0.05), except for liver weights in the 4-week-old rats. Acute exposure by inhalation to high levels of toxic gases over different terms caused an increase in rat liver weights, especially in adults [39] . Although, the increases in weight might have been partly attributable to passive congestion, it also involved swelling of hepatocytes, and hepatic inflammation, hyperemia and oedema. On the other hand, probably due to low toleration [1, 15] , in embryonic and infantile rats a decrease in liver weight or a decrease in the ratio of liver weight to body weight was associated with toxic gas exposure, perhaps due to necrosis and loss of parenchyma, and in some instances macroscopic changes in the hepatic coloring and/or architecture [3] .
Almost all previous studies on the effects of organic solvents or HCHO on the activities of antioxidant and xenobiotic enzymes have focused on the liver and/or kidney and/or brain [16, 27, 33, 34, 39] . In addition, ROS are key participants in damage caused by toxic gases such as organic solvents (e.g. toluene, xylene, ethanol) and HCHO [27, [32] [33] [34] . Dose-related lesions were observed in long-and short-term exposures to organic solvents, and HCHO induced several varieties of toxic effects on biological systems such as cytotoxicity [42] , and many organ systems such as the liver, kidney and respiratory tract [10, 14, 15, 22, 29] . However, conditions of exposure to these gases in animal experiments and human studies, both occupational and experimental are usually very different [1, 3, [10] [11] [12] [13] [14] [15] 22] . In the present study, after xylene and HCHO exposure, liver SOD and CAT activities in the 4-week-old and embryonic day 1 groups had altered significantly (P<0.01 and P<0.05, respectively). In adult and 1-dayold infantile groups, liver SOD and CAT activities remained unchanged (P>0.05). In terms of GSH concentrations, only in the 1-day-old infantile group was there a statistically significant decrease (P<0.01). On the other hand, concerning MDA levels only the embryonic day 1 group showed a statistically significant increase (P<0.05). With the exception of the 4-weekold group, SOD activities showed no statistically significant differences. In an earlier study, it was reported that SOD localized in the cytoplasm and in the mitochondria of cells [6] , indicating that lipid peroxidation damaged the cell membrane leading to an increase in MDA, but did not damage cell components such as mitochondria. In another study, it was shown that SOD activities in male rat liver tissues after methanol intoxication rose, and CAT activities were similarly changed until 5 days [40] . In the results of the present study, CAT activities were similar to those reported in other studies [33, 34] , which showed that toluene, xylene and methyl alcohol caused increases in liver tissue, but our results were not statistically significant (P>0.05). The increase might plausibly be attributable to the fact that peroxidase is generated by product specific oxidases which are acted upon by CAT mainly in the liver, kidney and blood [34] . Alternatively, increased CAT activity might have been sustained to counteract fast generating superoxide radicals [7] . Surprisingly, CAT activities in 1-day-old infantile animals were remarkable higher than that of all the other animals. Unfortunately, we are unable to explain this controversial result.
The oxidation of HCHO to formic acid is catalysed by several enzymes such as NAD-dependent formaldehyde dehydrogenase (which requires reduced glutathione (GSH) as a cofactor), xanthinoxidase, catalase and peroxidase [1, 2, 9, 14, 40] . Thus, increased levels of MDA might depend on the increased production of enzymes utilized in the detoxification of HCHO. Other studies showed increases of MDA levels in response to organic solvents [27, 33, 40] and declines in GSH levels [3, 11, 14] , results which were similar to these of the present study for the embryonic day 1 and 1-day-old infantile groups. GSH and MDA levels differed radically among the adult and 4-week-old exposure groups, perhaps due to partial tolerance of xylene and HCHO at these ages. However, Ayres et al. [2] indicated that depletion of GSH was not significant in vivo following inhalation of HCHO in isolated perfused livers of male rats, and the toxic effects of inhaled HCHO did not appear to be related to GSH depletion.
It has also been reported that organic solvents, especially at high doses, induce cytochrome P-450 and microsomal monoxygenases in the liver and certain nonhepatic tissues of rats [33] . Xylene is known to be metabolized almost exclusively by side chain oxidation [31] . However, xylene can also be metabolized to dihydrodiols by combining with GSH. Nevertheless, the kinetics of this metabolic pathway may differ between hepatic and non-hepatic tissues and may change during exposure to more than one solvent [33] .
In the present study, depletion of liver GSH levels and lipid peroxidation, as expressed by increase of tissue MDA levels, in rats exposed to xylene, HCHO and a mixture of the two chemicals were observed. It seems that metabolic interactions of the test chemicals may lead to a limitation of the direct reactions of their active intermediates with GSH and may protect cells from oxidative stress. This study is the first to show an increase in MDA in oxidative stress adult rats excepted. It has been suggested that oxidative stress causes the release of ROS and hydroxyl radicals which damage the cell membrane and cell components, thus leading to cell death and also to the production of free radicals [3, 9, 15, 27] . Levels of MDA increased especially in prenatal rats exposed to xylene. This result poses the question as to why MDA concentrations increased, especially in prenatal rats. One possible answer is that the MDA response is probably due to the low levels of cytochrome P-450 enzyme-systems and microsomal monooxygenases in prenatal rats.
In conclusion, the results of the present study show that six weeks inhalation exposure to xylene, HCHO or a mixture of the two is toxic to liver tissue, especially in developing female rats, however, the effects of the vapors are less toxic in adult female rats. Additional research is needed to define the vapor toxicities of xylene and HCHO, and it would be advisable to examine people occupationally exposed to these substances. Further studies on antioxidant and lipid peroxidation systems may help us to fully understand the mechanisms of solvent toxicity.
